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, 571 Low resistivity doped po,,*o„ conductive iave^ ,o.rned on ^TJ"^^ , peak 

ESSE T^TX^^T^X SS7-S» • * - 

resistivity compared with previous methods. 
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SPECIFICATION 

Improvements in integrated circuits 

5 This invention relatestojntej^ 
x aHdTnTartl^ 

conductors oin sucFcIrc uits, . 
np^i^crystail irie sil i con, or polysil icon 1 jisjTg 1 

quefrtyuseT^ ( 

10 SaonsTe^Tgates and interconnect 
OT^e^eaTircuitTTts use, particularly in 
l^frequSScy*^ is however limited 

by the relatively high resistivity of the material- 
Attempts have been made to overcome this 

15 problem by doping the polysilicon typically 
with phosphorus, arsenic or boron. It is then 
necessary to anneal the material to diffuse the 
dopant thereby achieving the desired low re- 
sistivity. . 

20 It has been fou nd that, using co nventional 
furnace annealing tecluiigues^ 
panTlslr^aln_th^ 
^^icon¥ncfTs therefo^nacti ye. Further- 
7n6re7^unng the "a'hnealing process, redjstribu^ 

25 tion *6f The "dopants' in*Underly^^ 
can bccurVThjs^ 

bfe when the circuit _cpmpa§&§_^maJLd 
"aTa high integration density. 
""'The objecrbf The present invention is to 

30 minimise or to overcome this disadvantage. 
According to one aspect of the invention 
there is provided a process for forming a 
doped polysilicon pattern on an integrated cir- 
cuit, the process including providing the doped 

35 pattern on the circuit, and pulse heating the 
assembly to a temperature at which redistribu- 
tion of the dopant in the polysilicon is ef- 
fected whereby the resistivity of the doped 
polysilicon is reduced. 

40 AccordjnsJto_ano^ 
ti^Thenejs^proy^ 

dqnPri jnlysilicon conductive lA^ iLQEL^LHim: 
grated circyji^ the jdj^c^ 
adopedlamor^^ 
45 HSiCTnneali^^ 

500 toj900°C foLa^sujficjerili 

t7llislTth7am^^ 

poTysiirc^ 
lOOOToTl ip°C Jhereby^ctivatjng_ the^o^ant 

50 w^ere^ 
reduced. 

As the high temperature excursion requires 
only a short period of time the risk of dopant 
redistribution in the circuit is substantially 

55 eliminated. 

An embodiment of the invention will now 
be described with reference to the accom- 
* panying drawings in which 

Figure 1 is a cross-sectional view of an tnte 
*' 60 grated circuit provided with a silicon conduc- 
tor pattern, and 

Figure 2 illustrates the relationship between 
doped polysilicon sheet resistance and anneal 

time. , # 

65 Referring to the Fig. 1. a semiconductor 
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substrate 1 1 incorporating a plurality of active 
devices (not shown) is provided with an insu- 
lating layer 12 of a refractory material, e.g. 
silica or silicon nitride. The insulating layer is 
in turn coated with a patterned layer 13 of 
doped polycrystalline silicon. Typically the as- 
sembly comprises a merged technology circuit 
in which a number of both CMOS and bfpolar 
-~ devices are provided on a common substrate. 
75 The polysilicon layer 13 may thus provide an 
"interconnection pattern, the CMOS gates, and 
bipolar polysilicon emitters. Such a structure is 
described in our copending UK applicauon No. 
8507624. The resistivity of the polysilicon 1*5 
is reduced by effecting recitivation of the do- 
pant This is performed by pulse heating the 
assembly to a temperature at which reactiva- 
tion occurs. As this thermal treatment is rela- 
tively short there is no significant effect on 
circuit devices formed in the substrate 11. 

Inat ypical process an integratedare ujtjs. 
p r -^^jAiit^ do ped polysilicon con ductor, 
pattern jormeJJimuajl-^^ 
fgyeuSuchki^^ 

LPCVD (Tow pressure chemical vapour depos i^ 
- tio^PECVDjRlasrrja enhanceT^emjcai^a^ 

pou7 l1 ^ 

amorphous sili con is doped, ^ j^J>hg£L 
phorus,"arsen|c or_boronJ)og^ 
95 fecte3"cfier^ . 
que7Ttirb7^ n im P. ,an J-3Jl&Q- Ihe„a.s.serobJyj5. 
then* heateT'tT^ 
f600°C to recry 

p^ltpr^rT j^rthe relatively low temperatures 
100 empja^^ recrystallisation sub^ 

iTan tially no j oPjtnuMglil^Q- 0 PffaP-L'IL 
^"integrated circuit . Typically the dopant 
i"5mprises 6.3 to 3 At % of the amorphous 
silicon. 

During this recrystallisation of the amor- 
phous silicon most of the dopants are trapped 
in non-substitutional sites in the growaing crys- 
tals and are thus electrically inactive. The do- 
pant is fully activated by a short high temper- 
ature excursion to e.g. 1000 to 1110X for 
0 5 to 5 seconds in a transient anneateg 
apparatus. We have found that the use of 
transient annealing to activate the dopants 
minimises segregation to grain boundaries and 
thus provides a high dopant activity and a low 
resistivity. Typically the final resistivity us from 
2 to 15 m ohm cm. 

Masking and etching of the silicon layer to 
define the desired conductor pattern may be 
performed at a convenient stage in the pro- 
cess. Typically, etphing is effected after crys- 
tallisation but before dopant activation. 

In an alternaive process the silicon layer 13 
may be deposited as a doped or undoped 
material in polycrystalline form, thus obviating 
the recrystallisation step in the process. 
Where undoped material is used, doping imay 
be effected by ion implantation. 
In a typical example ™" havft formed mLSim, 
130 phosphorus dojig djr^ 
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containing 0-3 At % of dopant, These were 
found to have a resistivity of 25 m ohm cm. 
The films were annealed at 850°C for 50 min- 
utes to recrystallise the silicon and then had a 
5 measured resistivity of 20 m ohm cm. PuUe 
annealing of the films for 1 second at 1100°C 
using incoherent radiation provided a final re- 
sistivity of 14 m ohm cm. Similarly treated 
films containing 2.5 At % phosphorous had a 
10 measured resistivity of 6.2 m ohm cm after 
annealing for 1 second at 1000°C compared 
wifth 30 m ohm cm prior to recrystallisation. 

The relationship between annealing time and 
sheet resistance is illustrated in Fig. 2 of the 
15 accompanying drawings. Measurements have 
been, made on four silicon films each of 
4300A (430nm) thickness. In each case the 
material was implanted with arsenic at 40 keV 
with a dose of 1.5E16 cm 2 followed by a 
20 preliminary drive in at 900°C. The final sheet 
resistances observed correspond to resistivi- 
ties in the range 2.4 to 3.65 m ohm cm. 

The use of transient annealing for dopant 
activation together with low regrowth temper- 
25 atures is particularly suited to the low temper- 
ature process requirements for advanced 
CMOS and bipolar circuits. It is not however 
limited to these particular processes and has 
general semiconductor application. 

30 

CLAIMS 

1 . A process for forming a doped polysili- 
con pattern on an integrated circuit, the pro- 
cess including providing the doped pattern on 
35 the circuit, and pulse heating the assembly to 
a temperature at which redistribution of the 
dopant in the polysilicon is effected whereby 
the resistivity of the doped polysilicon is re- 
duced. 

40 2. A process for forming a doped polysili- 
con conductive layer on an integrated circuit, 
the process including providing a doped amor- 
phous silicon layer on said circuit, annealing 
the circuit at a temperature of 500 to 900°C 

45 for a sufficient time to recrystallise the amor- 
phous silicon to form doped polysilicon, and 
pulse heating the circuit to 1000 to 1110°C 
thereby activating the dopant whereby the re- 
sistivity of the polysilicon is reduced. 

50 3. A process as claimed in claim 1 or 2, 
wherein the dopant is phosphorus arsenic or 
boron. 

4. A process as claimed in claim 1, 2 or 
3, wherein the dopant comprises 0.3 to 3 At 

55 % of the amorphous silicon. 

5. A process as claimed in claim 1, 2, 3 
or 4. wherein the dopant is introduced by ion 
implantation into the amorphous silicon layer. 

6. A process as claimed in any one of 
60 claims 1 to 5, wherein the resistivity of the 

polysilicon conductive layer is from 2 to 15 m 
ohm cm. 

7. A process as claimed in any one of 
claims 1 to 6, wherein the circuit is pulse 

65 heated for 0.5 to 5 seconds. 



8. A process as claimed in any one of 
claims 1 to 7, wherein said circuit incorpor- 
ates both CMOS and bipolar devices. 

9. A process as claimed in claim 8, 

70 wherein the doped polysilicon layer provides 
the gates of the CMOS devices, the emitters 
of the bipolar devices and an interconnect pat- 
tern, j i -i 

10. A process for forming a doped polysil- 
75 icon layer on an integrated circuit, which pro- 
cess is substantially as described herein with 
reference to and as shown in the accompany- 
ing drawings. 

11. An integrated circuit fabricated via a 
80 process as claimed in any one of claims 1 to 

10. 
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